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A B S T R A C T
Pseudoaneurysm formation following gunshot wounds is associated with signiﬁcant morbidity. The
natural history and optimal follow-up strategy for penetrating injuries causing dissection remains
poorly understood. We report a case of a giant compressive pseudoaneurysm that developed following
recanalization of an occlusive internal carotid artery dissection sustained from a gunshot wound. This
was detected on routine follow-up imaging six weeks later. The patient subacutely developed dysphagia
and hoarseness initially felt to be caused by delayed injury to the laryngeal nerve because computed
tomography angiography demonstrated no new pathology. The pseudoaneurysm was successfully
treated using a covered stent graft. This case highlights the importance of close angiographic follow-up
even in the setting of initial complete vessel occlusion, and the need for a high suspicion for
pseudoaneurysm development in the setting of new compressive or neurologic symptoms in patients
with potential vascular injury from gunshot wounds to the neck.
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Gunshot injuries to the head and neck are associated with
signiﬁcant morbidity and mortality. In particular, penetrating
injury to the neck from gunshot wounds is associated with
dissection and pseudoaneurysm formation of the cervical arteries,
which can be life-threatening.12 Injury to the internal carotid
artery (ICA) is associated with a mortality of up to 18.4% from both
immediate and long-term neurological sequelae.9 The pathophys-
iology of carotid artery dissection (CAD) involves stenosis or
obstruction of the true lumen in subintimal dissection, pseudoa-
neurysm formation in subadventitial dissection, or intramedial
haematoma in cases where blood is restricted to the media. As
pseudoaneurysm walls do not contain all layers of the vessel, they
are weak and prone to rupture.
The natural history of spontaneous dissection, and (less so)
blunt traumatic dissection, has been well studied in the literature.5Abbreviations: AP, anteroposterior; CAD, carotid artery dissection; CT, computed
tomography; CTA, computed tomography angiography; DSA, digital subtraction
angiography; ICA, internal carotid artery.
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cally gunshot wounds involving the extracranial ICA is limited
primarily to observational studies in military patients.4,13 Uncer-
tainty persists as to the best follow-up and management of the
patient presenting with dissection from penetrating injury,
especially as technical developments have made it possible to
reconstruct dissections and restore ﬂow.
We report here on a 26-year-old male who sustained a gunshot
wound to the neck and suffered a completely occlusive dissection
of the extracranial internal carotid artery that spontaneously
recanalized and subsequently developed into a giant pseudoa-
neurysm causing compressive symptoms. The pseudoaneurysm
was managed successfully with an endovascular stent graft. This
case illustrates the importance of close angiographic and clinical
follow-up in patients with penetrating gunshot injury causing ICA
dissection and the need for a high index of suspicion for
pseudoaneurysm formation as the pathology can be rapidly
progressive, fatal, and may present with variable symptoms.
2. Case presentation
A 26-year-old man with no previous medical history was
transferred to our institution after sustaining a gunshot wound to
the left suboccipital area. Computed tomography angiography
(CTA) followed by digital subtraction angiography (DSA) demon-
Fig. 1. (A and B) Initial presentation imaging. (A) Axial CT head demonstrating the gunshot wound and bullet fragments. (B) Maximum intensity projection CTA sagittal
reconstruction demonstrating dissection of the ICA as well as bullet remnants ﬁlling the posterior oropharyngeal space. (C–F)Digital subtraction angiography (DSA). (C) Lateral left
CCA injection demonstrating left ICA dissection with complete interruption of distal ﬂow. (D) AP right ICA injection shows collateral circulation to the contralateral hemisphere. (E)
AP left vertebral artery injection shows total occlusion at the level of C2. (F) Right vertebral artery injection demonstrates collateral circulation to the contralateral hemisphere. (G)
Three days post-trauma, left CCA injection lateral view demonstrates partial recovery of ﬂow in the left ICA with distal thrombus formation (arrows). (H) 8 days post-trauma,
lateral left CCA injection, demonstrates total recovery of ﬂow in the Left ICA. (I) AP projection of left ICA injection the same day demonstrates extensive thrombosis over the distal
segment of the ICA at the supraclinoid level (arrows). (J) Maximum intensity projection CTA sagittal reconstruction 12 days later, after patient re-presented with hoarseness and
dysphagia demonstrates continued recanalization of the dissected left ICA with no evidence of pseudoaneurysm formation. (K and L) Angiography six weeks post-trauma
demonstrating a large, low-ﬂow pseudoaneurysm. (K) AP left ICA DSA. (L) Left ICA injection cone-beam CTA maximum intensity projection sagittal reconstruction.
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internal carotid artery (ICA) with a ﬂame-shaped appearance
suggestive of subintimal dissection of the vessel (Fig. 1C). It also
showed supraclinoid left ICA ﬁlling defects consistent with
intraluminal thrombus and complete occlusion of the left vertebral
artery at the level of C2 vertebral body secondary to its fracture at
the transverse foramen (Fig. 1A and E). Extensive metallicfragments could be seen along the left retromolar and paraphar-
yngeal spaces (Fig. 1B). Collateral circulation from the right ICA via
the anterior communicating artery and the right vertebral artery
via the posterior communicating artery provided ﬂow to the left
cerebral hemisphere (Fig. 1D and F). Neurologic exam revealed
mild left ptosis and right-sided dysmetria. The patient was
otherwise neurologically intact. Otolaryngological consultation
Fig. 2. Treatment and follow-up: (A) digital subtraction angiography, left ICA lateral projection demonstrating the large low-ﬂow pseudoaneurysm and a stenotic region just
distal to the pseudoaneurysm. (B) Left ICA lateral projection after stent graft deployment demonstrates no ﬁlling of the pseudoaneurysm but an area of mid-stent stenosis and
vasospasm distal to the stent (white arrows). (C) Left ICA lateral projection after angioplasty. (D–F) Follow-up angiography 10 weeks later. (D) Left ICA AP projection
demonstrating no residual pseudoaneurysm ﬁlling or vessel stenosis. (E) Three dimensional rotational angiography dual-density virtual projection and (F) maximum
intensity projection, sagittal reconstruction cone-beam CTA demonstrating the stent graft without evidence of stenosis or malapposition.
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vocal folds bilaterally and no reports of neurological abnormalities.
The patient was treated with intravenous heparin to prevent
further thrombosis and was monitored in the intensive care unit.
Repeat angiography imaging three and eight days later demon-
strated progressive recanalization of the left ICA (Fig. 1G–J). The
patient was subsequently discharged on subcutaneous enoxaparin
(Lovenox, Sanoﬁ, Bridgewater, NJ) ten days after admission.
Twelve days after the injury, the patient presented to the
emergency department with hoarseness, night sweats, decreased
sweating on the left side of the face, and dysphagia with liquids.
Otolaryngological exam revealed immobility of the left true
vocal fold. Examination of the neck and oral cavity was normal,
without palpable mass or adenopathy. Gag was absent. Computed
tomography demonstrated recanalization of the left ICA without
evidence of pseudoaneurysm, and a small faintly enhancing ﬂuid
collection in the left semispinalis capitis. This was assessed as
unlikely to be an abscess and the patient was discharged with plans
for ongoing otolaryngological follow-up for vocal cord weakness.
The vocal cord weakness and Horner syndrome remained stable
over the next several weeks, and the otolaryngologist diagnosed a
delayed cranial neuropathy with likely inﬂammatory aetiology.
Six weeks after initial presentation, a routinely scheduled
follow-up diagnostic angiogram revealed a newly developed,
4 cm  4 cm  3 cm low-ﬂow pseudoaneurysm of the left ICA
(Fig. 1K and L). The patient was admitted to the neurosurgery
service and stent-graft embolization of the pseudoaneurysm was
planned. Under general anaesthesia, a balloon expandable
5 mm  16 mm iCAST Covered Stent (Atrium Medical Corporation,
Hudson, NH) was deployed covering the neck of the pseudoaneur-
ysm and occluding ﬂow into it (Fig. 2A and B). An Apex
5 mm  15 mm over-the-wire balloon (Boston Scientiﬁc, Natick,
MA) was used to angioplasty a mid-stent stenosis and the proximal
and distal ends of the stent (Fig. 2C). Angiography ﬁve days then 10
weeks after the procedure showed no evidence of ﬁlling of thepseudoaneurysm, in-stent stenosis or branch vessel occlusion
(Fig. 2D–F). The patient was maintained on dual anti-platelet
therapy consisting of aspirin and clopidogrel (Plavix, Bristol-Myers
Squibb Company, New York, NY). At 10 weeks follow-up, the
patient reported signiﬁcant improvement of the dysphagia and
neck discomfort and modest improvement of the hoarseness.
3. Discussion
Little data regarding the natural history and time course of
penetrating vascular injuries in the neck has been reported. While
blunt injury to the neck has been associated up to 3% risk of
dissection, penetrating injury causing dissection is quite rare.5
Occult vascular injuries in the early post-traumatic course have let
some authors to advocate for early re-evaluation and liberal use of
angiography, especially in the military setting.4 Additionally,
development of chronic pseudoaneurysm years after penetrating
trauma has been reported in the literature.8 The subacute follow-
up protocol of these lesions, however, has not been studied, and
there are no guidelines for the optimal follow-up strategy of these
lesions. On the other hand, blunt neck trauma causing dissection is
more common and better understood. Bifﬂ et al. reviewed 171
patients with blunt cerebrovascular injuries and found that follow-
up angiography performed 7–10 days after injury demonstrated
pseudoaneurysm formation in 8% of grade I and 43% of grade II
injuries (intimal irregularities, and dissections with less than 25%
luminal stenosis respectively) and resulted in a change in
management in a majority of cases.1 However, in patients with
total vessel occlusion (grade IV), 82% of cases were unchanged on
follow-up. Based on this observation, these authors recommended
follow-up (7–10 day) imaging in grade I or II lesions in blunt
cerebrovascular injury. We could not identify a similar report for
penetrating injuries, but would suggest the risk of delayed injury
may be even greater in this population since a higher degree of
direct injury may be sustained from bullet cavitation, direct injury,
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presented with total occlusion (grade IV) and demonstrated early
recanalization within the ﬁrst week. Despite this, he went on to
develop a large pseudoaneurysm sometime between 12 days and 6
weeks after injury. This phenomenon may be explained by
exposure of the weakened vessel wall to increasing pressure as
recanalization progressed. The time course of recanalization after
complete occlusion, with or without medical therapy is not well
understood, and has been reported to be up to 62% by 6 months in
spontaneous dissection.10
Given the unclear time course of these lesions, a high clinical
suspicion is warranted to help guide angiographic follow-up.
Classically, CAD presents with head and neck pain, Horner’s
syndrome and cerebral ischaemia. Other reports in the literature
point to pulsating tinnitus, transient monocular visual loss,
ischaemic optic neuropathy and retinal infarct as unusual presenta-
tions of the disease, rarely occurring as isolated entities.2 Cranial
nerve palsy is a frequent manifestation of CAD and is present in 8–
16% of cases.7 The most commonly encountered palsy involves the
hypoglossal nerve3,11,6 and less frequently cranial nerves III, IV and
VI. Cranial nerve palsy and Horner syndrome are thought to be from
compression of the nerve by the expanding adventitial haematoma
or pseudoaneurysm. In our patient, a paralyzed left vocal cord and
loss of gag reﬂex may have been due to compression of the vagus and
glossopharyngeal nerves by the expanding pseudoaneurysm. In the
context of worsening dysphagia for liquids, an expanding pseudoa-
neurysm also compressing the pharynx was most likely.
Two important lessons can be learned from this. First, in
patients with known vessel injury, a high degree of suspicion must
be maintained for pseudoaneurysm formation. In this patient,
despite re-presenting with dysphagia, hoarseness and a left vocal
cord paralysis, CTA was negative for a new lesion and consequently
a diagnosis of subacute inﬂammatory neuropathy was made,
though this did not explain the patient’s worsening dysphagia. The
absence of contrast enhancement on CTA may have been due to the
low-ﬂow nature of the pseudoaneurysm, or possibly due to
absence of ﬂow in the false lumen during the contrast bolus.
Secondly, we would recommend follow-up angiography within the
ﬁrst month to assess an injured vessel, especially in the setting of a
changing pathology such as recanalization. The patient’s dissection
in this case had appeared to heal almost completely prior to
discharge. A potentially fatal rupture from this pseudoaneurysm
was prevented by timely re-imaging.
Taken together, we believe an ongoing high level of clinical
suspicion combined with close angiographic follow-up may prevent
morbidity and mortality from penetrating vascular injuries.Conﬂict of interest statement
I Adel Malek, MD, PhD, certify that this manuscript is a unique
submission and is not being considered for publication with any
other source in any medium. The content of this manuscript has
not been previously published elsewhere in any form. The senior
author (A.M. Malek) has received unrestricted research funding
from Codman Neurovascular (manufacturer of the Enterprise
stent), Stryker Neurovascular (manufacturer of the Neuroform
stent), Microvention-Terumo Inc., Siemens Medical Imaging, Ansys
Inc., and CD-Adapco, and Boston Scientiﬁc Corp., for research that
is unrelated to the submitted work. The other co-authors do not
have any conﬂict of interest to declare with respect to the study.
The research is original and was conducted by the authors with
signiﬁcant contribution from each.
References
[1] Bifﬂ WL, Ray Jr CE, Moore EE, Franciose RJ, Aly S, Heyrosa MG, et al. Treatment-
related outcomes from blunt cerebrovascular injuries: importance of routine
follow-up arteriography. Ann Surg 2002;235:699–706 (discussion 706-707).
[2] Biousse V, Touboul PJ, D0Anglejan-Chatillon J, Levy C, Schaison M, Bousser MG.
Ophthalmologic manifestations of internal carotid artery dissection. Am J
Ophthalmol 1998;126:565–77.
[3] Ferlazzo E, Gasparini S, Arcudi L, Versace P, Aguglia U. Isolated hypoglossal
nerve palsy due to spontaneous carotid artery dissection: a neuroimaging
study. Neurol Sci 2013. http://dx.doi.org/10.1007/s10072-013-1354-4.
[4] Fox CJ, Gillespie DL, Weber MA, Cox MW, Hawksworth JS, Cryer CM, et al.
Delayed evaluation of combat-related penetrating neck trauma. J Vasc Surg
2006;44:86–93.
[5] Fusco MR, Harrigan MR. Cerebrovascular dissections: a review. Part II: blunt
cerebrovascular injury. Neurosurgery 2011;68:517–30 (discussion 530).
[6] Marin LF, Bichuetti DB, Felicio AC, dos Santos WA, de Oliveira FF, Morita ME,
et al. Hypoglossal nerve palsy as the sole manifestation of spontaneous
internal carotid artery dissection. Arq Neuropsiquiatr 2009;67:107–8.
[7] Mokri B, Silbert PL, Schievink WI, Piepgras DG. Cranial nerve palsy in sponta-
neous dissection of the extracranial internal carotid artery. Neurology
1996;46:356–9.
[8] Prokesch RW, Goerzer HG, Killer M, Dorffner R, Schima W, Schindler EG.
Pseudoaneurysm of the internal carotid artery after shrapnel injury in World
War II: demonstration by CT angiography with 3D MIP reconstruction. Eur
Radiol 1999;9:1441–4.
[9] Sclafani SJ, Scalea TM, Wetzel W, Henry S, Dresner L, O0Neill P, et al. Internal
carotid artery gunshot wounds. J Trauma 1996;40:751–7.
[10] Sengelhoff C, Nebelsieck J, Nassenstein I, Maintz D, Nabavi DG, Kuhlenbaeu-
mer G, et al. Neurosonographical follow-up in patients with spontaneous
cervical artery dissection. Neurol Res 2008;30:687–9.
[11] Stubgen JP. Unilateral macroglossia as sole presenting manifestation of inter-
nal carotid artery dissection. Ear Nose Throat J 2011;90:434–6.
[12] Yevich SM, Lee SR, Scott BG, Shaltoni HM, Mawad ME, Benndorf G. Emergency
endovascular management of penetrating gunshot injuries to the arteries in
the face and neck: a case series and review of the literature. J Neurointerv Surg
2012. http://dx.doi.org/10.1136/neurintsurg-2012-010574.
[13] Yilmaz AT, Arslan M, Demirkilic U, Ozal E, Kuralay E, Tatar H, et al. Missed
arterial injuries in military patients. Am J Surg 1997;173:110–4.
